To evaluate of the effect of dancing on bone mineral density (BMD) we compared 29 Chinese girls who had been receiving regular ballet training for at least 6 years with a control group of 20 nonathletic sex-and age-matched Chinese girls. BMD was measured at the second to fourth lumbar spine and at the right femoral neck using a commercial dual-energy X-ray absorptiometer (DEXA). There were no significant differences in either measured BMD or spinal BMD after adjusting for body weight (body mass index). Adjusted BMD of the femoral neck, however, showed significant differences (P <0.05). Results revealed that the ballet dancers were significantly thinner than the control group and the negative effect of a lower bodyweight may neutralize the positive effect of ballet dancing on BMD, especially in the femoral neck.
Introduction
Osteoporosis is one of the major public health problems facing women. The morbid event in osteoporosis is fracture. The lifetime risk of fractures of the spine, hip, and distal radius has been estimated at 40% for white women from 50 years of age and older. In the USA approximately 1.5 million fractures annually are attributable to osteoporosis [11] . To prevent osteoporosis physical exercise has been suggested as an effective, inexpensive, and widely applicable alternative to traditional therapeutic regimens. The majority of articles on osteoporosis have reported a positive effect of exercise on bone mass because athletes and active people typically have higher bone mass than their inactive counterparts [1, 3, 6, 13] .
During growth, which is a time of rapid bone turnover, exercise may result in 10-30% higher regional bone mineral content, or cortical thickness of the playing arm in tennis players. While these benefits may be sustained into adulthood and are likely to reduce fracture risk, they are usually found in athletes who train intensively in childhood and adolescence [8] . Dancers are among the hardest training athletes. Dancing is a highimpact, weight-bearing activity that has benefits for bone accretion. However, it has been suggested that dancers may be at greater risk of osteoporosis than their nondancing counterparts due to multiple factors such as lower body weight and suboptimal ingestion of food [5, 15] .
The purpose of this study was to evaluate the effect of exercise and body weight on bone mineral density (BMD) of the lumbar spine and the femoral neck in young female Chinese ballet dancers.
Materials and methods
Twenty-nine Chinese girls (age 16.3±0.5 years) who had been receiving regular ballet training for at least six years (dancing group), and 20 sex-and age-matched nonathletic Chinese girls (age 16.6±0.8 years) (control group) were included in this study. All cases had regular menstrual cycles. None of the subjects had a history of fracture, bone disease, major systemic disorders, cigarette smoking, alcohol drinking, or were taking drugs known to affect bone such as vitamin D, calcium, calcitonin, or estrogen. All subjects had normal serum levels of calcium, phosphate, parathyroid hormone, and vitamin D, and all had normal lumbar spine Xray findings. Body height (BH) and bodyweight (BW) of the subjects were measured. The body mass index (BMI) was calculated as BW/BH 2 kg/m 2 .
BMD was measured at the second to fourth lumbar spines and the right femoral neck using a commercial dual-energy X-ray absorptiometer (DEXA) (Norland XR-26 Mark II, Norland Corporation, Wisconsin, USA). The mean density was presented as grams per square centimeter. The coefficient of variance of DEXA was less than 2%.
The differences in mean BMD in the lumbar spine and femoral neck between the dancing group and the control group were evaluated based on Student's t-test. Furthermore, the correlation between BMD and parameters of physical characteristics, including BW and BMI, were analyzed by linear regression.
Results
Mean values of BW, BH, and BMI of the two groups are presented in Table 1 . The results revealed that there were no significant differences in BMD between the dancing group and the control group. Neither were there significant differences in BW-and BMI-corrected BMD of L2-L4 between the dancing group and the control group (Table 2 ). There were, however, significant differences in BW-and BMI-corrected BMD of the femoral neck between the two groups (P<0.05).
Discussion
Osteoporosis is a major cause of morbidity and death. As the development of low-peak bone density is likely to contribute to osteoporosis, prevention involves attention to the factors that influence mineral accrual. Because the vast majority of bone mineralization in girls occurs by the middle of the second decade, providers of health care to adolescents need to understand the factors that affect bone mineralization during this period.
Several cross-sectional studies have implied that regular weight-bearing exercise has beneficial effects on bone mass in premenopausal women [1, 4, 6, 8, 14] . Heinonen et al. [6] reported that athletes -squash players, aerobic dancers, and speed skaters -have significantly higher weight-adjusted BMD values at the loaded sites than sedentary controls. The results support the concept that training involving high strain rates from versatile movements and high peak forces is more effective for bone formation than training involving a large number of low-force repetitions. Alekel et al. suggest that walking and aerobic dance provide physically active premenopausal women with greater lumbar and femoral BMD than premenopausal sedentary women [14] .
However, Rockwell et al. reported that weight training is associated with reduced lumbar BMD in premenopausal women [12] . Bass et al. also hypothesized that intense exercise during childhood and adolescence might result in primary amenorrhea and low peak BMD [2] .
Dancers are among the hardest training athletes. Training is weight bearing, and ballet dancers achieve ground reaction forces of as much as three times their body weight [10] . Loading is essentially restricted to the trunk and the lower extremities and may therefore exert an osteoprotective effect at these sites [7, 9] . However, ballet dancers are also at risk for osteopenia due to low body weight and are prone to menstrual disorders. Suboptimal calcium and vitamin D intake, cigarette smoking, alcohol drinking, and caffeine ingestion are reported to be common among dancers, and since these risk factors are present at an early age, they may limit attainment of peak bone mass leading to bone loss in adulthood. It has therefore been suggested that dancers may be at greater risk of osteoporosis than their nondancing counterparts. Among our cases none had menstrual disorders or histories of suboptimal ingestion. However, when compared with the control group our dancing group was thinner, which has a negative influence on BMD.
Van-Marken-Lichtenbelt et al. [14] reported that mean total BMD of ballet dancers is significantly higher (6%) than that of a reference population. These high values 284 could be attributed to the high BMD of legs and pelvis, the weight-bearing sites of the dancer's body. They also found that total BMD is positively related to BMI. However, Karlsson et al. reported no significant difference in BMD values between dancers and controls, but that professional female ballet dancers have greater lower-limb BMD than controls when results were adjusted for differences in BMI. In that study female ballet dancers had normal BMD at the weight bearing sites. It was interesting to note that BMD was not low despite the presence of oligomenorrhea, and not high despite 32 h of dancing per week [9] . Our results also revealed that there was no significant difference of BMD of the lumbar vertebrae and the femoral neck between the dancing group and the control group. However, the dancing group had significant higher BW-and BMI-corrected BMD of the femoral neck and were prone to higher BW-and BMI-corrected BMD of the lumbar vertebrae compared to the control group. Those in the dancing group were significantly thinner than those in the control group. For dancers the negative effect of a lower BW may neutralize the positive effect of dancing on BMD, especially in the femoral neck.
